ABSTRACT (*) Notice: This is a publication of a continued pros ecution application (CPA) filed under 37 A method for altering the Substrate Specificity of enzymes is CFR 1.53(d). described.
0001. The invention relates to a method for altering the Substrate Specificity of enzymes. 0002 The synthetic chemist is frequently confronted by the problem in practice that he is unable to follow synthetic routes which are easy and Simple to carry out to prepare a chemical compound because these routes would result in compounds in which, for example, the elimination of a required protective group is no longer possible because, otherwise, the synthetized molecule would be destroyed. To solve this problem he frequently has to follow a more complicated and time-consuming Synthetic route. 0.003 Enzymes cleave chemical bonds under mild con ditions. They can therefore sometimes be used to solve Synthetic problems of this type, ie. a protective group can, for example, be eliminated enzymatically under mild con ditions without destroying other bonds and thus the mol ecule. Enzymes thus make it possible to obtain the required Substances easily and quickly in the laboratory. However, the enzymatic activity and/or Stability is often inadequate for industrial use of the enzymes, So that although the chemical SyntheseS require a larger number of Synthesis Stages, nev ertheless they are less costly and are therefore implemented industrially. 0004. This is why a large number of studies have been carried out on improving the enzymatic activity and/or stability. Various routes have been followed for this. 0005. It is possible by site directed mutagenesis to achieve very Specific improvements in the Stability and/or enzymatic activity of enzymes. The disadvantage of Site directed mutagenesis of enzymes is that this method requires the availability of a large amount of knowledge about the Structure and function of the enzymes from X-ray Structural analyses, from modeling, and from comparisons with other enzymes of the same or similar Specificity. In addition, the Sequence of the Structural genes must be known in order for it in fact to be possible to improve the enzymes in a targeted manner. This information is, as a rule, unavailable or not yet or only partly available, So that, in these cases, this method usually does not have the desired result because it is unclear which regions of the enzyme require alteration. If only little information about the enzymatic activity is available, pref erence is to be given to methods which involve a random Strategy to improve the enzyme, although these methods should nevertheless be as targeted as possible.
0006 Thus, Spee et al. (Nucleic Acids Research, Vol. 21, No. 3, 1993: 777-778 ) describe a PCR method using dITP for the random mutagenesis of the nisZ, gene of LactococcuS lactis. 0007. The method described by Spee et al. was further improved by Rellos et al. (Protein Expr. Purif., 5, 1994: 270-277) . Rellos et al. describe the mutagenesis of the alcohol dehydrogenase 2 gene of Zymomonas mobilis by a PCR method without using dITP because the limitation of a nucleotide is entirely Sufficient for increasing the mutation rate and thus for the required result. 0008. The use of an in vitro recombination technique for molecular evolution is described by Stemmer (Proc. Natl. Acad. Sci. USA, Vol. 91, 1994: 10747-10751) . It was Mar. 21, 2002 possible by this recombination technique to restore the enzymatic function of the lacZ gene from two mutated and inactivated lacZ genes.
0009 Moore et al. (Nature Biotechnology Vol. 14, 1996: 458-467) describe the combination of the PCR and recom bination methods for increasing the enzymatic activity of an esterase toward a para-nitrobenzyl ester. 0010. The disadvantages of said methods is that, in order to produce the mutations, the DNA must be treated in vitro with enzymes Such as Taq polymerase and/or restriction enzymes and/or oligonucleotides and the various potential mutants require individual further treatment and testing. These methods are Suitable only for mutagenesis of rela tively small DNA regions. 0011) Another route to the mutagenesis of enzymes is described by Greener et al. in Methods in Molecular Biology (Vol. 57, 1996: 375-385 1980 ). In the case of conjugation, the DNA can be trans ferred directly, ie. it is located on the conjugation-mediating plasmid Such as the F factor, or it is transferred in the conjugation by means of a comobilizable vector. These methods are also known to the skilled worker. The method which may be mentioned as preferred is the introduction of the DNA by transformation (Winnacker, E. L., From Genes to Clones, VCH, 1987: 126-127, Williams et al., Ann. Rev. Gen., Vol. 14, 1980: 41-76 preferably means Eschericha coli strains which contain the following genetic markers: relAl, mutS, mutT and mutD5. These genetic markers result in a distinctly increased muta tion rate in the organisms. They should therefore not be incubated on agar plates or in a culture medium for too long, because otherwise they lose their vitality. 0028. For detection of the altered substrate specificity (=mutations in the enzyme used) it is possible and advan tageous, in the case where vectors have been used, for the DNA initially to be isolated from the E. coli strain XL1 Red or its functional derivative and be inserted into a microor ganism which has no corresponding enzyme activity (step c ,  FIG. 1) . If, for example, an esterase is introduced into these Selection organisms, these microorganisms must not have any esterase activity which cleaves the ester used for Selec tion for an alteration in the Substrate Specificity of the esterase. Other esterase activities in this organism do not interfere with the selection. The introduction of the DNA can take place, as described above, using phages or viruses, by conjugation or by transformation. In the case of introduction via phages or viruses or by conjugation, Specific isolation of the DNA is unnecessary. The DNA can be introduced directly, by conjugation or via the phage or virus, into the microorganism used for the Selection. Thus, transfer of the DNA takes place in these cases without isolation of the DNA, and in the case where vectors are used by a transfor mation. It is also possible for the DNA of the microorgan isms which show an altered Substrate Specificity after Selec tion to be introduced without isolation by conjugation or using phages or viruses or by transformation into the Strain E. coli XL1 Red or a functional derivative for a further selection cycle (=FIG. 1, dotted line). It is possible in this way for the method according to the invention to be per formed one or more times in sequence. The DNA is in this case transferred from the E. coli strain XL1 Red or its functional derivatives to the Selection organisms and finally returns to the E. coli Strains for a new Selection cycle. 0029 Selection microorganisms which are suitable in principle in the method according to the invention are all prokaryotic or eukaryotic microorganisms, although they must have no enzymatic activity which could impede the Selection. This means either that the microorganisms have no enzymatic activity which is Sought, ie. the Substrate(s) used for Selecting the altered Substrate specificity are not converted by the enzymes in the Selection microorganism, or that only a Small enzymatic activity of this type is present in the microorganisms and Still permits Selection. Suitable and advantageous microorganisms for the method according to the invention are Gram-positive or Gram-negative bacteria, fungi or yeasts. Those preferably used are Gram-positive bacteria Such as Bacillus, Rhodococcus, Streptomyces or Nocardia, or Gram-negative bacteria Such as Salmonella, Pseudomonas or Escherichia. Escherichia coli strains are very particularly preferably used. The genus and Species or the membership of a family or kingdom of the microorgan isms used for the Selection is of minor importance as long as it allows Selection of the altered Substrate Specificity. 0030 To select for altered substrate specificity, the micro organisms are incubated, for detection of the enzyme activ ity, on or in at least one Selection medium which contains at least one enzyme Substrate which makes it possible to recognize an altered Substrate Specificity of the enzyme (FIG. 1, step d Step a shows the introduction of the DNA (2) via the vector into the strain Eschericha coli XL1 Red or into a functional derivative (3) of this strain. The DNA of the enzyme is mutated in these organisms asterisks in FIG. 1 indicate diagrammatically by way of example the mutations in the DNA(2)). The mutated vectors (4) are then reisolated from the strain Eschericha coli XL1 Red or its functional derivatives and Subsequently transformed, directly or after Storage, into the Selection organisms (5) (step c). These organisms are finally plated out on at least one selection medium (6) and thus the altered enzyme Substrate Specificity is identified by, for example, a growth assay and/or a visual assay (step d). Positive clones which show an altered SubStrate specificity are finally Selected, and the mutated gene coding for the altered enzyme can be isolated (Stepe). The method can be repeated several times using the mutated gene FIG. 1, dotted line (7) . 0.032 The microorganisms used in the method according to the invention, ie. the Eschericha coli XL1 Red Strain and Mar. 21, 2002 its functional derivatives, and the Selection organisms used are cultured in a medium which allows these organisms to grow. This medium can be a Synthetic or a natural medium. Media known to the skilled worker and depending on the organism are used. For growth of the microorganisms, the media used contain a Source of carbon, a Source of nitrogen, and inorganic Salts with or without Small amounts of Vita mins and trace elements. 0038. The mixing ratio of said nutrients depends on the mode of incubation (=fermentation) and is established in the individual case. The medium components may all be present at the start of the fermentation after they have been steril ized, if necessary, Separately or together, or else can be added as required during the incubation. 0039) Plate media are preferred to liquid media because they make it easier to detect the required alteration in the Substrate Specifity. It is important that none of the medium components used could interfere with the detection of the altered enzyme activity. 0040. The culturing conditions are established so that the organisms (=Eschericha coli strain XL1 Red and selection organisms) grow optimally and that the best possible yields are obtained. Culturing is preferably carried out at from 15 C. to 40°C., particularly advantageously from 25 C. to 37 C. The pH is preferably kept in the range from 3 to 9, particularly advantageously from 5 to 8. In general, the incubation time of from 1 to 240 hours, preferably from 5 to 170 hours, particularly preferably from 10 to 120 hours, is Sufficient, but longer incubation times may also be necessary in a few cases for the mutagenesis or detection. 0041. The altered substrate specificity can, after identi fication of the corresponding clones, advantageously be checked again in an in vitro assay. 0043. The optically active preparation of the compounds followed an enzymatic route using esterases or lipases. Surprisingly, none of the 18 lipases and two esterases used showed enzymatic activity toward the 3-hydroxy esters (see Table I ). No enzymatic activity was detectable either in the hydrolysis direction, which was carried out in a phosphate buffer, or in the Synthesis direction, which was carried out with Vinyl acetate in toluene. Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Amano, Nagoya, Japan Toyo Jozo, Tokyo, Japan Toyo Jozo, Tokyo, Japan
Mar. 21, 2002 Starting from an esterase from Pseudomonas fluorescens which had been cloned into E. coli. The cloning and Sequencing of this esterase was described for the first time by Choi et al. (Agric. Biol. Chem. Vol. 54, No. 8, 1990 : 2039 -2045 004.5 The esterase was mutagenized using the strain Eschericha coli XL-1 Red (=Epicurian coli XL-1 Red). 0046 1. Preparation of the esterase and of the mutated eSteraSeS 0047. The strain Eschericha coli JM109 or DH5C. which harbors the rhamnose-inducible plasmid 2792.1 ( see FIG.2 ) was grown in Luria-Bertani(=LB) medium Supplemented with 100 tug/ml ampicillin at 37 C. up to the early expon tential phase (ODoo 0.5-0.6, about 3 hours). The esterase gene estF is located on the plasmid 2792.1. Gene expression was induced at the time by adding rhamnose final concen tration 0.2% (w/v) to the culture. The cells were then incubated at 37° C. for a further 3.5 h, harvested by centrifugation (5000 rpm, 5 min, 4 C.) and washed twice with potassium phosphate buffer (50 mM, pH 7.5, 4 C.).
The cells were then resuspended in the same buffer and disrupted with ultrasound. The cell detritus was removed by centrifugation (5000 rpm, 15 min, 4° C). The protein con centration in the Supernatant was measured using the bicin choninic acid protein determination kit Supplied by Pierce, Rockford, Ill., USA (order number 23223, U.S. Pat. No. 4, 839, 295) . The specific activity of the PFE was determined by photometry or in a pH-stat (see 2. esterase activity). The PFE was used directly in the hydrolysis experiments. The PFE was not purified further for the hydrolysis experiments because the esterase produced by the Strains was already of high purity. Simple purification by Zinc affinity chromatog raphy resulted in a homogeneous esterase Solution. This increased the Specific activity only slightly. 0048 2. Determination of esterase activity 0049. The esterase activity was determined in a pH-stat assay with 5% (w/v) ethyl acetate in an emulsion which, besides distilled water, contains 2 % (w/v) gum arabic, at 37 C. and pH 7.5. A known amount of esterase was added to 20 ml of this emulsion. The liberated acetic acid was titrated against 0.1 N NaOH automatically in a pH-stat supplied by Metrohm (Herisau, Switzerland) so that the pH remained constant. The esterase activity has been reported in units, where one unit (=U) is defined as the amount of enzyme which produces 1 umol of acetic acid per minute under the assay conditions. The measured number of units was corrected by the figure for the autolysis of ethyl acetate under these conditions, which is 0.25 umolper minute at 37 C. 0050) 3. Biotransformation 0051. The 3-hydroxy esters were hydrolyzed in round bottom flasks with stirring at 700 rpm. 0.5 mmol of the ester 1 or 3 was added to a milliliter of toluene at 37 C. The reaction was started by adding 3 ml of culture Supernatant and Stopped by extracting with ether. The organic phase was dried over MgSO. The substrates and the product were lowering of the pH-On plate types (a) and (b) and fast growth on the (b) plates. A red color is to be seen with all colonies after 2 days on LB/Amp/Ind plates. This is pre Sumably attributable to a side reaction. Thus only the abovementioned minimal medium plates are Suitable for the assayS. Comparison with the masterplates was carried out to Select only the colonies which gave a positive result in both methods, ie. both produced an intact esterase and showed a red color. From about 750 colonies in the first mutagenesis round, two positive clones (=PFE-U1 and PFE-U3) were identified after incubation at 37 C. for 2 to 6 days. In the case of PFE-U1 only a weak red color was produced, whereas in the case of PFE-U3 a deep red color was produced and compound 3 showed good growth. The Vec tors (=plasmids) of these clones were isolated and trans formed again into the Strain E. coli DH5C. These organisms were used to produce mutated esterases after rhamnose induction in 250 ml of LB/Amp medium. The esterase (see above) was isolated and used for preparative conversion of 0.063) 9. Chemical synthesis of compounds 1 and 3 0064) a) Ethyl 5-(benzyloxy)-3-hydroxy-4,4-dim ethylpentanoate (=compound 1) 0065. An ethyl acetate solution (8.8 g., 100 mmol in 10 ml of THF) was added dropwise to a solution of 170 ml of lithium diisopropylamide (110 mmol, prepared from 11.1 g of diisopropylamine and 68.8 ml of butyllithium, 1.6 N in hexane) in THF/hexane at-60° C. After 30 minutes, 30 ml of 3-benzyloxy-2,2-dimethylpropanal (19.2g, 100 mmol) in THF were rapidly added, and mixture was stirred for 5 minutes before an aqueous potassium bisulfate Solution was added to neutralize. The reaction mixture was extracted with diethyl ether, washed several times with water and dried over magnesium Sulfate, and the organic Solvent was removed under reduced pressure. 26.1 g (93%) of the compound were isolated a pale yellow oil. The compound was purified on a silica gel column (ether petroleum ether, 1:3 to 1:1).
second generation are PFE-3-311 to PFE-3-713 (see Table  II ). Table II shows the specific activity of the various esterases in units with ethyl acetate as Substrate (Table II , U/mg protein). The optical activity of the various esterases is based on compound 1 (see Table II ). We claim:
1. A method for altering the Substrate Specificity of enzymes, which comprises carrying out the following Steps: a) introducing a DNA which comprises a copy of the gene coding for the enzyme into the Eschericha coli strain 4. A method as claimed in any of claims 1 to 3, wherein Gram-positive or Gram-negative bacteria, fungi or yeasts are used as microorganisms.
5. A method as claimed in any of claims 1 to 4, wherein a hydrolase is used as enzyme.
6. A method as claimed in any of claims 1 to 5, Wherein a hydrolase Selected from the group consisting of proteases, Mar. 21, 2002 lipases, phospholipases, esterases, phosphatases, amidases, nitrilases, ether hydrolases, peroxidases and glycosidases is used as enzyme.
7. A method as claimed in any of claims 1 to 6, wherein a lipase, esterase, nitrilase or phytase is used.
8. A method as claimed in any of claims 1 to 7, wherein the alteration in the Substrate specificity results in a Selective enzymatic activity. 9. A method as claimed in claim 8, wherein the alteration in the Substrate Specificity results in a regio-, chemo-or Stereoselective or regio-, chemo-and/or Stereoselective enzymatic activity.
